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© Modular connector system with high contact element density surface mounted connectors. 

© A modular connector system wherein modules Fi g - c? 

with high contact element density may be surface 
mounted to a printed circuit board. The connector 
modules achieve high contact element density by 
mutually displacing or offsetting the ends of adjacent 
contact elements in the same column in the direction 
of the row which extends in the longitudinal direction 
of the connector housing. The displaced ends are 
connected by sufrace mounting means to contact 
surfaces on the printed circuit board. A unique con- 
tact design is disclosed which can be used also in 
cable and other types of connectors. The modules 
construction permits many and different types of 
connectors to be mounted readily to a printed circuit 
■board. 
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MODULAR CONNECTOR SYSTEM WITH HIGH CONTACT ELEMENT DENSITY SURFACE MOUNTED CON- 
NECTORS 



Background of the Invention 



This invention relates to a modular connector 
system and In particular to a system wherein con- 
nector modules with high contact density are sur- 
face mounted to printed circuit boards. 

A connector module generally comprises a 
housing of electrically insulative material which ac- 
commodates a plurality of contact elements or ter- 
minals arranged in rows and columns. The contact 
elements have a base section and a contact end 
and connecting end extending from opposite ends 
of the base section. The connecting ends project 
outside one side of the housing and are connected 
to a printed circuit board. 

There have long been attempts to accommo- 
date electronic circuits in as modular a design as 
possible on printed circuit boards of standard di- 
mensions. The interconnections between the in- 
dividual modules and components, such as record- 
ers, playback devices, etc.. are preferably made via 
electronic connectors. As a consequence of min- 
iaturization and due to the high density of present 
day integrated circuits, a large number of electronic 
components can be mounted on a printed circuit 
board so that a large number of functions can be 
carried out by a module of this type. The number 
of terminals needed for connection to other mod- 
ules has, likewise, increased. 

As a result, there is a great need for connec- 
tors with a high contact element density, Le., with a 
large number of electrical contacts or terminals per 
unit of volume. The need for connectors with high 
contact element density has become even greater 
as a result of the advent of surface mounting 
technology whereby electronic components are 
surface mounted to the printed circuit board. Sur- 
face mounted devices (SMD) are not mounted on a 
printed circuit board via the usual pinhole connec- 
tion but are connected directly to the surface of the 
printed circuit itself. By surface mounting tech- 
niques, it is possible to mount electronic compo- 
nents readily on either surface of a board without 
interfering wfth connecting pins which project 
through the board. This results In a component 
density which is even higher than that achieved 
with conventional pinhole connections and a further 
increase in the number of terminals. 

in many cases the contact element density of a 
connector cannot be increased simply placing the 
contact elements closer together or by forming 
several rows of contact elements located above 
one one another. Generally, this results In an un- 



desirable mutual electrical interference between the 
contact elements, essentially as a consequence of 
capacitive couplings between them. Furthermore, it 
is not possible in a connector to use an unlimited 
5 number of rows located above each other because 
contact elements with very long connecting ends to 
the printed circuit board will increase problems due 
to the occurrence of undesired inductive couplings 
and the circuit becomes more sensitive to elec- 

70 tromagnBtic noise signals. 

It is furthermore necessary to maintain a de- 
fined minimum distance between the individual 
contact elements because the wall thickness of the 
housing In which the contact elements are accom- 

15 modated must not become too thin in order to 
meet specified strength requirements. Moreover, 
from the viewpoint of mechanical strength of the 
printed circuit board, it is not desirable to connect 
several rows of contact elements to only one of its 

20 sides because with such an asymmetric arrange- 
ment the board will tend to bulge in the center of 
the connector. This will result in an undesired force 
being applied to the board which may cause 
breaks in the thin printed circuit strips on the 

ss board. 

One attempt to solve some of these problems 
is disclosed In U.S. Patent No. 4,607,907 granted 
August 26, 1986 to Robert Bogursky. Figure 1 of 
this patent shows a contact element in which a 

so tongue-shaped solder end extends from a D- 
shaped base section and projects, after mounting 
of the contact element, outside the connector for 
connection to a printed circuit board. In the case of 
a connector with several rows of contact elements 

55 arranged above each other, such as shown in Fig- 
ure 8 of this patent, the connecting ends of contact 
elements located in a column above each other are 
connected, by soldering, one behind the other to 
the printed circuit board in the direction facing 

40 away from the housing. As a result, the uppermost 
connecting end, as viewed from the printed circuit 
board, is relatively long and has therefore a large 
leakage inductance. To have sufficient room for the 
circuit tracks available on the printed circuit board 

45 for soldering of these connecting ends which are 
located one behind the other an increase in the 
number of contact elements in a row the mutual 
distance between these will have to be larger be- 
cause from a design viewpoint and in order to 

so obtain reliable connections, the width of the circuit 
tracks to these connecting ends must not be too 
small. 
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Summary of the Invention ■ 



The present invention therefore has as one of 
its objects providing a connector module with a 
high contact element density in which the above- 
mentioned disadvantages of the prior art are large- 
ly overcome. This is accomplished by mutually 
displacing the connecting ends of adjoining contact 
elements in the same column in the direction of the 
row, i.e., in the longitudinal direction of the connec- 
tor housing. This displacement may be accom- 
plished by offsetting the connecting ends to extend 
within the side edge of the base section. 

As a result of the mutual displacement, the 
connecting ends of the contact elements can be 
connected to a printed circuit board next to each 
other in a column, in a row direction or in a 
longitudinal direction as viewed from the housing. 
This minimizes the length of the connecting ends 
of the contact elements which are further away 
from the board and, therefore, results in corre- 
sponding reduction in the sensitivity to electromag- 
netic interference. 

As a result of the mutually displaced arrange- 
ment of the connecting ends of the contact ele- 
ments in a column, the connector module of the 
present invention is particularly suitable as an edge 
connector for connection to a printed circuit board. 
In this respect the connector of the invention may 
in one embodiment have connecting ends which 
are inclined in the direction of an imaginary plane 
extending transversely to and in the longitudinal 
direction of side of of the housing for connecting 
the printed circuit board which is to be mounted in 
this plane on one or both sides. 

In accordance with another embodiment, the 
connecting ends possess, near their free extrem- 
ities, a flat portion for surface mounting to a printed 
circuit board according to the above. In yet another 
embodiment of the connector, the free extremities 
of the connecting ends are bent backwards relative 
to the imaginary plane in order to form a funnel 
which can readily receive the printed circuit board. 
A still further embodiment of the connector accord- 
ing to the invention has two rows of contact ele- 
ments which are located on either side of the 
imaginary plane. 

In order to keep the capacitive interference 
between adjoining contact elements as small as 
possible, the base section of the contact elements 
has to be designed so as to be flat, as shown in 
Figure 3 of the above U.S. Patent No. 4.607.907. A 
further embodiment of the connector according to 
the present invention has contact elements which 
are arranged in four rows and the connecting ends 
are designed as flat connecting tongues which form 
an Integral part with the base section. The respec- 



tive connecting tongues are located near an edge 
of the base section. In yet a further embodiment of 
the connector, the free extremities of the connect- 
ing tongues of adjoining contact elements in a 
s column extend on one side of the imaginary plane 
over various distances from the housing in the 
plug-on direction of the connector. 

As a result of the above-described displaced 
arrangement of the connecting ends in the plug-on 
70 direction of the connector, the respective connect- 
ing surfaces on the printed circuit board may also 
be arranged mutually displaced with respect to the 
edge of the board at the plug-on side. This is in 
contrast to connecting surfaces which must be 
is arranged next to each other as in the case of 
connectors with terminals having connecting ends 
which terminate at the same distances. In compari- 
son with connecting surfaces arranged next to one 
another, for a given pitch distance, the above- 
20 mentioned displaced arrangement of the connect- 
ing surfaces permits not only wider connecting 
surfaces, wider connecting ends and/or wider flat 
parts of the contact elements for connection thereof 
with the consequent associated greater mechanical 
25 strength, but inter alia, also increases the reliability 
during soldering of the connecting ends. Because 
the connecting surfaces are separated from one 
another by a relatively large distance, the risk of 
undesirable connections is thereby smaller than in 
30 the case of surfaces arranged next to one another. 
The smaller the pitch distance becomes and/or the 
larger the total contact element density of the con- 
nector becomes (several rows), the greater the 
advantage in the displaced arrangement in the 
as plug-on direction of the connecting ends of the 
contact elements. 

The contact elements of the Invention are also 
fairly simple to manufacture. The contact elements 
have two separate connecting tongues, one of 
40 which is removed In the final assembled state in 
order to achieve the mutual displacement of the 
connecting ends of the adjoining contact elements. 

Where surface mounting is employed, the dis- 
placed arrangement of the connecting ends in the 
4S longitudinal direction of the connector housing has 
the further advantage that the flat portions of the 
respective connecting ends do not sDde during 
mounting over their respective connecting surface 
on the printed circuit board. This prevents solder- 
so ing paste or electrically conductive adhesive which 
may be present on these connecting surfaces from 
being removed during fitting of the connector on 
the printed circuit board. 

As a result of the flat design of the base 
ss section, a stilt further embodiment of a connector 
module according to the invention may have a 
housing wall thickness on the end faces which is 
smaller than or equal to half the pitch distance 
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between the contact elements, arranged so as to 
adjoin each other in a row. The connectors de- 
signed in this way can be mounted with the end 
edges up against each other without losing space 
for a column of contact elements. This is partlcu- s 
lariy advantageous in the case of printed circuit 
boards requiring connectors with a high contact 
element density. 

To relieve as much as possible stress due to 
any compressive, bending or tensile forces in the w 
connections between connector and board and to 
achieve good mechanical and/or electrical screen- 
ing of the electronic components located on the 
printed circuit board and of the connector itself, a 
further embodiment of the connector module ac- is 
cording to the present invention has formed in the 
housing on the side from which the connecting 
ends of the contact elements project outward at 
least one row of openings extending in the longitu- 
dinal direction of the housing and adjacent to a 20 
side wall thereof. These openings interact with a 
protective plate which is provided near at least one 
of its edges with teeth for insertion in at least one 
row of openings in the housing of the connector in 
a manner such that, in the assembled state, the 25 
protective plate extends parallel to the afbrenoted 
imaginary plane. 

A preferred embodiment of the protective plate 
has teeth which are formed on an elongated rail of 
electrically insulating material Trie rail is disposed 30 
near an edge of the protective plate and the teeth 
are situated at a distance from the surface of the 
protective plate. As a result, the openings formed 
in the protective plate surface permit the plate to 
be secured to the printed circuit board in a manner 35 
which provides a strong mechanical connection be- 
tween the connector and the printed circuit board. 

As discussed above, a high contact density is 
achieved with the connector module according to 
the invention and in particular with the connector 40 
having four rows. In practice, it is possible for only 
some of the contact elements of one connector to 
be connected with some of the contact elements of 
the other connector or a printed circuit board. To 
provide interconnection between connector mod- 45 
ules, there Is furthermore provided, according to 
the invention, a cable connector module for a rib- 
bon cable, which connector comprises a housing of 
electrically insulating material with several contact 
elements arranged in rows and columns and having so 
contact ends and a connecting end, constructed as 
a plug-on contact, of electrically conducting ma- 
terial for connecting a conductor (Le. core) of the 
ribbon cable. The cable connector has several 
open channels extending in the column direction of 55 
the contact elements, from one side of the housing 
to the other, for receiving the conductors of the 
ribbon cable from one side, only one plug-on con- 



tact being located in each channel and the contact 
elements situated adjacent to the other side of the 
4 housing being arranged in a manner such that, if 
two cable connectors are positioned with the other 
sides situated opposite each other, the respective 
contact elements in one and the same column are 
separated from each other by a distance of at least 
one position. 

The through channels make easy assembly of 
the ribbon cable possible. In the case of two cable 
connectors located opposite each other and con- 
nected to, for example, a four-row connector ac- 
cording to the invention, the displaced sitting of the 
contact elements achieves the result that the ends, 
lying opposite each other, of the individual cores of 
the ribbon cables connected to the respective ca- 
ble connectors always have a mutual distance 
equal to the width of one row. Accordingly, there is 
no danger of the conductors situated opposite each 
other being able to make electrical contact with 
each other, assuming that the end to be connected 
of each ribbon cable is finished in accordance with 
the position of the contact elements. 

A preferred embodiment of the cable connector 
according to the invention comprises two rows and 
an even number of columns. The plug-on contacts 
situated in adjacent channels are each arranged in 
another row. 

By using contact elements with a flat base 
section, the external dimensions of the cable con- 
nector are such that no space is lost for one or 
more of the contact elements. As a result, two or 
more cable connectors may be connected directly 
adjoining, for example, a four-row connector ac- 
cording to the invention. 

The present invention further relates to a con- 
tact element of electrically conducting material and. 
in particular, one for use in connector or cable 
connector modules such as described above. The 
contact element has a flat base section and a 
contact end having two resilient contact fingers 
projecting from the flat base section with contact 
surfaces located at the fee ends thereof. The con- 
tact iingers extend symmetrically relative to the 
center line in the longitudinal direction of the con* 
tact element and, at the extremity connected to the 
flat base section, are bent out of the plane of the 
base section over a portion of their length in op- 
posite directions. The two contact fingers are bent 
towards each other again at the end of this portion 
in a manner such that the contact surfaces are 
located opposite each other. With such a contact 
element an equal and relatively small mutual 
space can be achieved between adjoining contact 
elements of the connector. 

The invention also relates to a power connector 
module comprising at least one contact socket or 
contact pin, surrounded by a housing, with an 
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elongated connecting end of electrically conducting 
material for connecting the power connector to a 
printed circuit board. The connecting end Is pro- 
vided with a slot-shaped opening in which the 
printed circuit board can be received for connect- 
ing the power connector to one or both flat sides 
thereof by surface mounting. Power connectors of 
this type are used, in particular, for connecting 
supply lines. 

The invention furthermore relates to a coaxial 
connector module comprising at least one out- 
ermost and innermost contact socket or innermost 
contact pin, mutually electrically insulated and sur- 
rounded by a housing, and having connecting ends 
of electrically conducting material for connecting 
the coaxial connector to a printed circuit board. 
The outermost contact socket has a connecting 
end for connecting it to one side of the printed 
circuit board and the innermost contact socket or 
innermost contact pin has a connecting end for 
connecting it to the other side of the printed circuit 
board by the surface mounting. 

In this application, the term "printed circuit 
board", which is also commonly referred to as 
"printing wiring board", is understood as meaning, 
in general, substrates with conducting tracks and 
thus, for example, also substrates of liquid crystal 
displays. 

The invention also relates to a contact element 
with a fiat base section for use in the connector or 
cable connector modules according to the inven- 
tion. The contact end of the contact element is a 
contact pin projecting from the base section. 

A connector or cable connector modules ac- 
cording to the invention may be provided with 
several such contact elements. The contact pin of 
at least one of the contact elements in a column 
has an unequal length relative to the contact pins 
of the other contact elements in the same column. 

In the text which follows, the invention will be 
illustrated in detail by reference to drawings of 
preferred embodiments of a connector by surface 
mounting techniques, a protective plate, a cable 
connector for a ribbon cable, power connectors and 
coaxial connectors for surface mounting technique. 



Brief Description of the Drawings 



Figure 1 shows diagrammatically in perspec- 
tive two different embodiments of contact elements 
according to the invention which are connected on 
either side to a printed circuit board; 

Figure 2 shows cRagrammatically in perspec- 
tive partially cut-away embodiments of a connector 
according to the invention, with the contact ele- 
ments according to Figure 1; 



Figure 3 shows, on an enlarged scale, a 
partial longitudinal section along the Line IIMII 
through the connector shown on the left-hand side 
of Figure 2, in which the contact elements are 
5 connected with their connecting ends to a carrier 
strip; 

Figure 4 shows, on an enlarged scale, the 
section through the connector shown on the left- 
hand side of Figure 2; 

10 Figure 5 shows, on an enlarged scale, a rear 

view of the connector shown on the left-hand side 
of Figure 2, the left half of which is shown provided 
with contact elements; 

Rgure 6 shows diagrammatically in perspec- 

75 tive a number of connectors, mounted next to each 
other, for surface mounting according to the inven- 
tion; 

Figure 7 shows, in perspective, a partial dia- 
gram of an unassembled protective plate provided 
20 with teeth and shows, in a partially cut-away view, 
a protective plate connected to two connectors 
according to the invention; 

Rgure 8 shows diagrammatically in perspec- 
tive several protective plates located next to each 
25 other and on either side above a printed wiring 
board, which protective plates are fixed in accor- 
dance with Rgure 7 to a number of connectors 
mounted next to each other, as shown in Rgure 6; 
Rgure 9 shows diagrammatically in perspec- 
30 tive two cable connectors located opposite each 
other for a ribbon cable which can be connected to 
a four-row connector according to the invention; 

Figure 10 shows diagrammatically in per- 
spective power and coaxial connectors connected 
35 surface mounted to a printed wiring board. 

Detailed Description of the Embodiments 

40 Rgure 1 shows diagrammatically in perspective 
two embodiments of contact elements of electri- 
cally conducting material, located on either side of 
a printed circuit board 1,2 wfth connecting ends 
arranged for surface mounting to the board. The 

45 printed circuit board 1,2 is essentially located in the 
middle between four rows of contact elements ar- 
ranged in columns, only two elements In each row 
being shown in Rgure 1. 

In the case of the contact elements shown on 

eo the right-hand side of Rgure 1 , a contact pin 4 and 
a flat connecting tongue 5, respectively, extend In 
opposite direction from a flat base section 3. In the 
case of the contact elements shown on the left- 
hand side of Rgure 1, contact lingers 7,8 extend in 

55 one direction and a flat connecting tongue 5 ex- 
tends in the other, opposite direction from a flat 
base section 6. 

As can be seen In Figure 1, the connecting 
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tongues 5 of the various contact elements are 
arranged so that they adjoin each other in a col- 
umn and are connected to the printed circuit board 
1,2 so as to be mutually displaced In the longitudi- 
nal direction. The connecting tongues are inclined 
. in the direction of the printed circuit board 1,2 and 
extend from an edge of the flat base section 3 or 6. 
The connecting tongues 5 have, near their free 
extremity, a flat portion 9 located parallel to the 
board 1,2 for surface mounting to connecting sur- 
faces 10,11 on the printed wiring board 1,2. Con- 
necting surfaces 10 are arranged in one row nearer 
to the edge at either side of the board while con- 
necting surfaces 11 are also arranged In a row 
further from the edge of each side of tha boarxl. 
The contact elements of the innermost rows are 
situated directly adjacent to the printed circuit 
board 1,2, the flat portion 9 of these contacts units 
are situated virtually in the plane clamped by the 
respective flat base sections 3,6. The fiat portion 9 
of the contact elements actually merges smoothly 
into the connecting tongue 5 of these contact ele- 
ments. The connecting tongues 5 do not always 
have to be flat, however, but may, for example, 
also have a round, elliptical or polygonal crosssec- 
tion and/or may be narrower than the flat portion 9 
for connecting to the connecting surfaces 10,11 of 
the printed circuit board 1,2. The connecting 
tongues 5 further have a free extremity 12 which is 
bent backwards at an angle relative to the printed 
circuit board 1,2. 

In Figure 1, the connecting tongues 5 located 
on each side of the printed circuit board 1,2 are 
connected to connecting surfaces 10,11 lying dis- 
placed in the plug-on direction of the connector, 
transversely to the board 1,2. In other words as 
noted above, surfaces 10 are arranged in 6 rows 
nearer the edge of each side while surfaces 11 are 
also arranged in a row further from each edge. In 
this arrangement, the center elements of the inner- 
most rows described above contact surfaces 10. 
The outer row of contact elements elements have 
connecting tongues more inclined to their respec- 
tive base sections 3.6 and the board 1,2 and con- 
tact surfaces 11 on either side of the board. It is, 
however, also possible to connect the flat portions 
9 for surface mounting/connection of the connect- 
ing tongues at an equal distance from the edge of 
the printed circuit board 1,2 in which case the 
connecting tongues 5 and the connecting surfaces 
10, 11 then lying next to each other should have 
suitable dimensions in order to avoid undesired 
electrical contact. With one and the same pitch 
distance, however, it is possible, as a consequence 
of arranging the ends of the connecting tongues 5 
of adjacent contact elements, as shown so as to 
project over different distances from the housing in 
the plug-on direction of the connector to use rela- 



tively wider connecting surfaces 10,11 than in the 
case where the connecting tongues extend over an 
equal distance from the housing where connecting 
surfaces 10,11 on the printed circuit board are 

5 situated next to each other, i.e., in the same row. 
Wider connecting surfaces or wider connecting 
tongues 5 and/or wider flat sections 9 thereof mean 
not only a mechanically stronger connection to the 
printed circuit board, but also a more reliable sol- 

to der joints. Because the soldered surfaces are rela- 
tively far removed from each other In the case of 
the displaced arrangement shown of the connect- 
ing surfaces 10,11, the risk of undesirable solder 
connections is in this case less than in the case of 

15 connecting surfaces 10,11 situated next to each 
other in a row. As the pitch distance of the contact 
elements decreases, there is an increasingly great- 
er advantage in the displaced arrangement of the 
connecting surfaces. 

20 In the preferred embodiment shown in Figure 
1 , the connecting tongues 5 of the respective con- 
tact elements extend in each case from the edge of 
the respective flat base section 3,6 and form an 
integral part therewith. It will be clear that the 

26 connecting tongues 5 can also be arranged so as 
to be displaced relative to the edge of each flat 
base section 3,6 and can also extend, for example, 
from the center thereof. Contact elements with con- 
necting ends mating sideways and in the middle of 

30 the base section can then be used, as shown in 
Figure 1, for connectors consisting of six rows of 
contact elements, i.e., three on either side of the 
board 1,2. 

It is, of course, not essential that the printed 

35 circuit board 1,2, as mentioned earlier, be disposed 
In the middle between the rows of contact ele- 
ments, the connecting ends can be arranged in 
such a way that, for example, three rows of contact 
elements can be located with the respective con- 

40 necting ends on one side of the printed circuit 
board 1,2 and, for example, only one or two rows 
on the other side, according to the positioning of 
the connecting ends. Furthermore, it is also not 
essential that the contact elements be connected 

45 on both sides of the printed wiring board, although 
such a symmetrical arrangement is preferable in 
the case of connectors with a large number of 
contact elements because of the warping of the 
board and the risk of tearing of the thin conducting 

so racks on the board. 

As a result of the mutually displaced arrange- 
ment of the connecting tongues 5, the flat portions 
9 alone slide over only those connecting surfaces 
10,11 on which they are connected so that any 

55 solder or adhesive paste present on these connect- 
ing surfaces is not damaged or pushed away by a 
connecting tongue other than that to be connected 
to a corresponding connecting surface sliding over 
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it. The contact surfaces 10,11 may, of course, have 
another suitable shape for connecting the contact 
elements which differs from the rectangular shape 
shown. 

Figure 2 shows diagrammatlcally in perspective 
and impartially cut-away form two embodiments of 
a connector module according to the invention in 
which the contact elements of Figure 1 are used. 
The connector housing 13, shown on the right-hand 
side of Figure 2, the contact ends of the contact 
elements are designed as contact pins 4 Is open 
on the side facing away from the printed wiring 
board 1 . The contact pins are fastened in the rear 
wall 14 of the housing 13 which is arranged against 
the edge of the board. The side walls 15,16 of the 
connector 13 have a mutual distance such that a 
connector 17 shown on the left-hand side of Figure 
2 can, for example, be arranged therebetween with 
the contract fingers 7,8 making electrical contact 
with the contact pins 4. The contact elements 
shown on the left-hand side of Figure 1 are fixed in 
the rear wall 22 of this connector 17. 

As can be seen in Figure 2, the narrow edges 
of the fiat base section 3,6 of the contact elements, 
arranged so as to adjoin each other in a row, are 
located opposite each other while the broad sur- 
faces of the flat base sections 3,6 of the contact 
elements, arranged so as to adjoin each other in a 
column, are located opposite each other. As is 
known, the capacitive interference between two ad- 
joining contact elements is directly proportional to 
the surface of the broad sections lying opposite 
each other and is inversely proportional to the 
distance therebetween while the distance between 
the contact elements arranged in Figure 2 so as to 
adjoin each other in a row is relatively small, thus 
implying a large capacitive coupling therebetween 
the fact that the narrow edges of the fiat base 
sections 3,6 are the surfaces opposite each other 
results in relatively small capacitance. The con- 
verse applies to the contact elements arranged so 
as to adjoin each other in a column. There the 
broad surface of the base sections 3.6 are located 
opposite each other is in fact now relatively large 
but because the distance therebetween as a result 
of the illustrated sitting of the contact elements is 
also relatively large, the resulting capacitive inter- 
ference remains small. The connecting tongues 5 
themselves may be connected, as shown, directly 
to the printed circuit board 1,2 and may be rela- 
tively short, which is an advantage In connection 
with the sensitivity to electro-magnetic interference 
and inductive couplings between the respective 
connecting tongues. 

As a result of the above-described arrange- 
ment, the usual minimum pitch distance of 2.54 
mm between the contact elements adjoining each 
other in rows and columns can then be advanta- 
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geously reduced to 2 mm or less. This results hi a 
considerable space saving, in particular in the case 
of connectors with a large number of contact ele- 
ments, thus achieving a higher contact element 

6 density in a connector of given dimensions. 

Figure 3 shows, on an enlarged scale, a partial 
section along the Line Ill-ill in the longitudinal di- 
rection of the connector 17 shown in Figure 2 and 
connected to the printed circuit board 2. This con- 

io nector has, on the front side 18 facing away from 
the printed wiring board, openings 19 which ex- 
pand towards the outside and in which a contact 
pin can be inserted for contacting the resilient 
contact fingers 7,8 extenaing from the flat base 

75 section 6. Figure 3 also shows that the contact 
elements can all be manufactured in the same way; 
namely, by manufacturing them with the two con- 
necting tongues 5 connected to a carrier strip 21. 
During assembly of the connector, one connecting 

20 tongue is subsequent removed, the other connect- 
ing tongue is brought to the required length and 
the flat section 9 and the bend 12 are formed. It 
will be clear that such a universal contact element 
offers great advantages during assembly of a 

as mass-produced article such as a connector. 

Figure 4 shows, on an enlarged scale, the 
cross-section through the connector 17 shown in 
Figure 2. The contact fingers 7,8 are bent, on the 
extremity connected to the base section 6, over a 

30 section of their length in opposite direction out of 
the plane of the base section 6. The two contact 
fingers 7,8 are bent towards each other again at 
the end of this section and the contact surfaces 23 
are located at the free extremities lying above each 

ss other (see also Figure 3). In order to prevent dis- 
placement in the longitudinal direction of the con- 
tact elements and to influence the 4 contact prop- 
erties of the contact fingers, raised portions and 
guides (none shown) may be fitted In the channel 

40 20 of the connector 17. The sections of the contact 
fingers 7,8 bent out of the plane of the base 
section 6 may rest against these raised portions 
and guides. 

Figure 5 shows, on an enlarged scale, a view 
45 facing the rear wall 22 of the connector 17 in 
Figure 2 in which the connecting tongues 5 project 
to the outside. For the sake of simplicity only, the 
left-hand two rows are provided with contact ele- 
ments in the drawing. The flat base sections 6 of 
so the contact elements are clamped in slits 24 in the 
rear wall 22 of the connector. At the bottom left in 
Figure 5, differing from the other views, a section 
along the line V-V in Figure 4 is shown for one 
contact element, the hatched sections being the 
55 contact surfaces 23 of the contact fingers 7,8 (see 
also Figure 1). The contact surfaces 23 may be 
made flat or curved. 

As can be clearly seen from Figure 5, the slits 

7 
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24 for receiving the fiat base sections 6 or 3 are 
situated in the center of the channels 20. As a 
result, the capacitance between adjacent contact 
elements has the same low value over the whole 
connector. This arrangement of contact elements is 
possible as a consequence of the fact that the 
contact fingers 7,8 are bent in the opposite direc- 
tion out of the plane of the flat base section 6. 

The contact pins 4 in a column of the connec- 
tor 13 shown on the right-hand side of Figure 2 
may be of mutually different lengths (not shown). 
The longest contact pin, for example, can be used 
for grounding purposes, the next shortest contact 
pin for providing the supply voltage and the other 
still shorter contact pins can, for example, be used 
for signal paths. These last mentioned contact pins 
may be of equal length. On contacting a connector 
constructed In this manner, contact is first made 
with the ground contact pin, then with the supply 
contact pin and then with the signal contact pins. 
This advantageously ensures that the apparatus is 
always connected first to ground so that any fault 
currents as a result of short circuits or static charge 
and the like can flow away directly. The contact 
pins 4 may also have a section differing from the 
rectangular shape shown, such as, for example, a 
truncated elliptical form. 

Figure 6 shows a row of the connector mod- 
ules 131-134. 171-174 of varying lengths construct- 
ed according to the invention. As is clearly visible, 
long rows of connector modules can be formed 
without loss of space for a contact element. To 
permit this, however, the wan thickness at the end 
faces of the connectors 13,17 shown in Figure 2 is 
smaller than or equal to half the pitch: that is to 
say, the distance between two adjoining contact 
elements in a row. 

The invention is described above by reference 
to preferred embodiments of symmetrical connec- 
tors which are surface mounted. It should be clear 
that the arrangement of the connecting ends of the 
contact elements according to the invention can 
also be used connectors with conventional pin/hole 
connections in connectors with so called wire-wrap 
connections, in which case the connecting ends are 
pins projecting to the outside. 

The contact elements may advantageously be 
made of flat spring material. The housing of the 
connector may be made of thermoplastic polyester 
resin, such as "Rynife" FR-530 produced by the 
Du Pont Company. This material makes possible to 
construct a connector with a smaller wall thickeners 
which is resistant to the higher temperatures which 
may arise in vapor phase soldering (VPS) while 
maintaining mechanical strength and breaking re- 
sistance. 

Figure 7 shows, in perspective, a partial dia- 
gram of two connector modules 17 which are con- 



nected mounted one above the other to a printed 
wiring board 2. A protective plate 27 Is shown on 
the right-hand side of the connectors 17, viewed 
from the contact openings thereof. The protective 

6 plate 27 Is located parallel to the righMiand 
sidewalls 25 of the connectors 17 at a distance 
above the printed circuit board 2. The portion of 
the protective plate 27 situated opposite the right- 
hand sidewall 25 extends beyond the connectors 

w 17 and is shown partially cut-away. The protective 
27 is further provided with an elongated rail 29. A 
similar protective plate 28 having rail 29 Is shown 
parallel to the left-hand sidewall 26 of the connec- 
tors 17, 

15 The rail 29 Is provided with teeth 30 projecting 
parallel to the plane of the respective protective 
plates 27,28 In the direction of the front 18 of the 
connector 17. The teeth 30 are mutually insulated 
electrically relative to each other and relative to the 

20 protective plate. For this purpose, the rail 29 can 
advantageously be made of a plastic by means of, 
for example, an injection moulding technique. 

As indicated by a broken-line arrow in Figure 7, 
the teeth 30 have to be Inserted in the connectors 

25 17 on the rear side 22. The mutual distance be- 
tween the teeth 30 and the dimensions thereof are 
such that they can be received adjacent to the 
base sections 6 of the contact elements of the 
outermost rows of the connectors 17 in the chan- 

30 nels 20 shown in Figure 4. Other suitable openings 
for receiving the teeth 30 may also be disposed in 
the rear wall 22 in a manner such that In the 
assembled state the protective plate extends par- 
allel to the printed circuit board, as shown in Figure 

35 7. 

For mechanical protection of the electronic 
components fitted to the printed circuit board 2 
(which are Indicated by 32 in Figure 7), the protec- 
tive plates 27,28 may be manufactured from a 

40 suitable plastic material. In order to obtain good 
electrical screening, the protective plates may be 
manufactured from electrically conductive material 
or form, for example, plastic with an electrically 
conductive layer applied thereupon. The protective 

45 plates can also comprise several plate sections 
connected together, if necessary. 

As also shown in Rgure 7 with broken lines 31 , 
it is not necessary for the protective plates to 
extend over their entire surface in the same plane 

so but they may also be designed such that they 
partially extend at a greater or partially at a smaller 
distance above the printed wiring board 2. To pre- 
vent errors as much as possible during contacting 
of the connectors 17, or to avoid erroneous con- 

55 nections being made, positioning projections 33 
which may be broken away are formed on the rail 

' \29. " 

Figure 8 shows a printed circuit board 2 with 
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connectors according to the invention fitted on op- 
posite sides. Several protective plates 27,28 of 
different dimensions are mounted on the two flat 
sides of the printed wiring board 2. Openings 34 
are formed in the protective plates 27 in a manner 
such that the protective plates can be mechanically 
connected to the printed circuit board 2 by means 
of, for example, screws and spacers. This results in 
the desired strong mechanical connection between 
the diverse connectors and the printed wiring 
board. At the position of the sidewalls 15,16 of the 
connectors 13, the protective plates are provided 
with ribs 35 extending in the longitudinal direction 
of the connectors 13. This Increases the mechani- 
cal stability of the protective plates and prevents 
the protective plates from being bent during rough 
contact of the connectors 13. It should be clear that 
ribs 35 extending in the transverse direction (not 
shown) across the protective plates may also be 
provided with the same object. 

As mentioned earlier, it may be necessary, 
particularly in elaborate systems, to connect parts 
of one connector with parts of another connector or 
with another printed circuit board. At the bottom left 
in Figure 8, four adjoining cable connectors 36 of 
the type illustrated in Figure 9 are shown mounted 
to the connector 13. The cable connectors 36 ad- 
join each other In Figure 8 without loss of space for 
one or more contact elements. 

In Figure 9, two cable connector modules hav- 
ing a housing 36 with two rows of contact openings 
located opposite each other at a distance are 
shown diagrammatically in perspective on an en- 
larged scale. The ribbon cables 37 has conductors 
disposed opposite each other in the open channels 
338 of the respective cable connectors. The chan- 
nels extend in the column direction of the contact 
elements from one side of the housing to the other 
to prevent these conductors making undesired 
electrical contact with each other, the contact ele- 
ments of the cable connectors 36 are so arranged 
that only one connecting end of a contact element 
is situated in each channel 38 so that, if two ribbon 
cable connectors are positioned opposite each oth- 
er, the respective contact elements in the same 
column are separated from each other over at least 
a distance of one position. By further providing that 
the end of a ribbon cable 37 to be received in a 
cable connector has a course corresponding to the 
siting of the connecting ends of the contact ele- 
ments so that after assembly of the ribbon cable, 
the conductors of the contacting extremities do not 
project beyond the housing 36, the ends of the 
contacted conductors will then not touch each other 
when the cable connectors are mounted opposite 
each other. 

The contact elements can, of course, be ar- 
ranged in different ways. For example, adjoining 



contact elements of a two- row cable connector 
with an even number of columns can each be 
located in a different row with the end of the ribbon 
cable 37 to be received in the cable connector 

s having a casteDated course. As mentioned above, 
the contact elements may have a flat base section 
from which contact iingers or a contact pin extend 
with the connecting end being designed as a plug- 
on contact (not shown). The pitch distance between 

io the contact elements is preferably 2 mm. In Figure 
9, similarly to Figure 7, projections 39, which can 
be broken away, are attached to avoid erroneous 
contacting. 

Figure 10 shows diagrammatically in perspec- 

is five and in partially cut-away view, power connec- 
tors 40,41 and coaxial connectors 46.47 for con- 
necting by surface mounting feed cables and co- 
axial cables to a printed circuit board. Connectors 
previously described are less suitable for connect- 

20 ing feed cables carrying a relatively large current 
The unipolar power connector 40 is essentially 
constructed from a contact socket 42 of electrically 
conducting material having a spring-loaded contact 
end for receiving a contact pin and an elongated 

25 socket-shaped connecting end 43 for connection to 
a printed wiring board, the power connector 41 has 
a pin-shaped contact end 52 and a similar socket- 
shaped connecting end 43. In order to make it 
possible to connect the connecting end to a printed 

30 circuit board by surface mounting, the elongate 
connecting end 43 is provided, according to the 
invention, with a slot-shaped recess 45 in which the 
printed circuit board 2 may be received so that the 
connecting end 43 can be connected to the printed 

35 circuit board 2 at the two opposite flat sides there- 
of. 

For connecting coaxlat plugs, coaxial connec- 
tors 46,47 are used In practice. These connectors 
have an elongated outermost contact of socket 48 
40 and Innermost contact socket 49 which are elec- 
trically insulated from each other and respectively 
an outermost contact socket and an innermost con- 
tact pin (not shown) of electrically conducting ma- 
terial. 

45 To permit surface mounting of the coaxial con- 
nectors to a printed circuit board, a part of the 
connecting end of the outermost contact socket 48 
is removed from the circumference so that the 
remaining, virtually semicyiindrical connecting end 

50 50 can be connected to one side of the printed 
circuit board 2. Part of the jacket of the innermost 
contact socket 49, or the innermost contact pin, is 
removed so that the remaining connecting tongue 
51 can be connected to the other side of the 

56 printed circuit board 2. 

The connectors designed in this manner pos- 
sess sufficient mechanical stability and a sufficient- 
ly large contact surface so that reliable and me- 
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chanicaliy stable connections with a printed circuit 
board can be made by surface mounting tech- 
nique. In practice, of course, It is possible, as a 
departure from the embodiments shown in Figure 
10, for several coaxial connectors and/or several 5 
power connectors to be accommodated in a single 
module housing. 

It will be clear that the invention is not limited 
to the preferred embodiments thereof described 
and shown In the drawings, but that other variations w 
and modifications are possible. For example, the 
connector modules may include optoelectronic 
connectors connected to optical fiber cables, 
shielded connectors, to locking means or so called 
polarity indicators to prevent incorrect connection 75 
of the connector modules, etc., all without deviating 
from the scope and the concept of the invention. 



Claims' 20 

1. A connector for mounting to a printed circuit 
board comprising a housing of electrically insula- 
tive material, a plurality of contact elements ar- 
ranged in said housing in rows and columns, said 25 
rows disposed substantiaiy parallel to the circuit 
board and sard column disposed substantially 
transverse to the circuit board, each of said contact 
elements having a base section with a contact 
portion and a connecting portion extending from 30 
opposite sides of said base section, the connecting 
portion projecting from one side of the housing 
facing the circuit board and adapted for mounting 

to contact surfaces on said circuit board, the con- 
necting portions of adjacent contact elements in 35 
the same column being displaced in the direction 
of the row so as to contact surfaces on said printed 
circuit board offset relative to one another. 

2. A connector according to claim 1, wherein 

the connecting portions of said contact elements 40 
are inclined in the direction of a plane extending 
transversely to said one side of the housing in the 
lengthwise direction thereof, said connecting por- 
tions contacting either one or both sides of the 
printed circuit board disposed in the plane. 45 

3. A connector according to claim 2, wherein 
each connecting portion has near its free end a flat 
portion lying parallel to the Imaginary plane to 
permit surface mounting to the printed circuit 
board. 50 

4. A connector according to claim 3, wherein 
the free end of each connecting portion is bent 
backwards relative to the plane in order to form a 
funnel for readily receiving the printed circuit 
board. 55 

5. A connector according to claim 2 wherein 
the contact elements are arranged In four rows, two 
of said rows of contact elements being disposed on 



one side of the plane and two of said rows being 
disposed on said other side of said plane, the 
connecting portions of adjacent contact elements in 
the same column being mutually displaced on each 
side of the plane. 

6. A connector according to claim 5 where 
each contact element has a flat base section and 
the connecting portions are formed as flat connect- 
ing tongues integral with the base section, each 
said connecting tongues being located at an edge 
of the base section. 

7. A connector according to claim 6, wherein 
the free end of the connecting tongues of adjacent 
contact elements in a column extend on one side 
of the plane over different distances from said one 
side of the housing. 

a A connector according to clam 1 wherein 
the pitch distance between adjacent contact ele- 
ments is 2 mm. 

9. A connector according to claim 1 hwerein 
the wall thickness of the housing at the end edges 
is equal to or less than one-half the pitch distance 
between adjacent contact elements in a row. 

10. A connector according to claim 1 wherein 
the housing further comprises at least one row of 
openings formed in said one side of the housing 
and extending in the 'longitudinal direction of the 
housing and adjacent to a side wall thereof. 

11. A protective plate for use with connector 
according to claim 10, said protective plate com- 
prising teeth disposed along at least one of its . 
edges, said teeth being adapted for insertion in 
sad one row of openings in the housing of the 
connector so that when assembled, the protective 
plate extends parallel to the said plane. 

12. A protective plate according to claim 11, 
wherein said teeth are formed on an elongated rail 
of electrically insulating materia!, said rail being 
disposed nBar said edge of the protective plate, the 
teeth being disposed at a distance from the surface 
of the protective plate. 

13. A protective plate according to claim 12, 
wherein said protective plate extends on both sides 
of the elongated rail. 

14. A protective plate according to claim 11, 
wherein sad protective plate further comprises 
openings formed in the plane of the plate, said 
openings adapted to secure the protective plate to 
the printed circuit board. 

15. A cable connector for a ribbon cable mated 
with a connector according to claim 1, said cable 
connector comprising a housing of electrically. in- 
sulating material with a plurality of contact ele- 
ments arranged in rows and columns, each contact 
element having a connecting portion formed as a 
plug-on contact for connecting a conductor of the 
ribbon cable, said cable connector having a plural- 
ity of open channels extending in the column direc- 
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tion of the contact elements, from one side of the 
housing to the other, said channels receiving the 
conductors of the ribbon cable from one side, only 
one plug-on contact being located In each channel, 
the contact elements disposed adjacent to the oth- 
er side of the housing being arranged in a manner 
such that, if two cable connectors are positioned 
with the other sides situated opposite each other, 
the respective contact elements in the same col- 
umn are separated from each other by a distance 
of at least one position. 

16. A cable connector according to claim 1 
herein said cable connector comprises two rows 
and an even number of columns, the plug-on con- 
tacts disposed in adjacent channels each being 
arranged in another row. 

17. A cable connector according to claim 15 
wherein the pitch distance between adjacent con- 
tact elements is 2 mm. 

18. A cable connector according to claim 15, 
wherein the housing of said cable connector has 
external dimensions such that two or more cable 
connectors can be positioned adjacent to each 
other without space loss for one or more contact 
elements. 

19. A contact element for use in the connector 
of claim 1 wherein the contact portion comprises 
two resilient contact fingers projecting from the flat 
base section with contact surfaces located at the 
free ends thereof, the contact fingers extending 
symmetrically relative to a center line in the lon- 
gitudinal "direction of the contact element and, at 
the end connected to the flat base section, being 
bent out of the plane of the base section over a 
portion of their length in opposite directions, the 
two contact iingers being bent towards each other 
again at the end of this portion so that the contact 
surfaces are located opposite each other. 

20. A contact element tor use in the connector 
of claim 1 wherein the contact portion of the con- 
tact element is a contact pin projecting from the 
base section. 

21. A connector according to claim 1 wherein 
the contact portions of the contact elements are 
contact pins and wherein the contact pin of at least 
one of the contact elements in a column has a 
length different than the contact pins of the other 
contact elements in the same column. 

22. A connector according to claim 21 , wherein 
the contact pin of at least one contact element is 
longer. 

23. A power connector comprising at least one 
contact socket or contact pin, surrounded by a 
housing, with an elongated connecting portion of 
electrically conducting material for connecting the 
power connector to a printed circuit board, said 
connecting portion being provided with a slot- 
shaped opening In which the printed circuit board 



can be received for connecting the power connec- 
tor to one or both flat sides of said board by the 
surface mounting means. 

24. A coaxial connector comprising at least one 
6 outermost and one innermost contact socket or pin, 

mutually electrically Insulated and surrounded by a 
housing, and having connecting portions of elec- 
trically conducting material for connecting the co- 
axial connector to a printed circuit board, the out- 

10 ermost contact socket having a connecting portion 
for connecting It to one side of the printed circuit 
board and the innermost contact socket or pin 
having a connecting portion for connecting It to the 
other side of the printed circuit board by the sur- 

75 face mounting means. 

25. A coaxial connector according to claim 24, 
wherein the connecting portion of the outermost 
contact socket is a virtually half-cylindrical portion 
of said contact socket extending outside the nous- 

20 ing and the connecting portion of the Innermost 
contact socket or pin is a connecting tongue. 

26. A modular connector system comprising a 
plurality of connector modules mounted to a print- 
ed circuit board, each said connector modules hav- 

25 ing a housing of electrically insulative material, a 
plurality of contact elements arranged in said hous- 
ing in rows and columns, said rows disposed sub- 
stantia^ parallel to the circuit board and said col- 
umn disposed substantially transverse to the circuit 

30 board, each of said contact elements having a base 
section with a contact portion and a connecting 
portion extending from opposite sides of said base 
section, the connecting portion projecting from one 
side of the housing facing the circuit board and 

35 adapted for mounting to contact surfaces on said 
circuit board, the connecting portions of adjacent 
contact elements in the same column being dis- 
placed in the direction of the row so as to contact 
surfaces on said printed circuit board offset relative 

4o to one another. 

27. A modular connector system according to 
claim 26 wherein at least one of said connector 
modules has contact elements wherein the con- 
necting portions are contact pins. 

45 28. A modular connector system according to 
claim 26 where at least one of said connector 
modules has contact elements wherein the con- 
necting portions are female contacts. 

29. A modular connector system aocordlng to 

so claim 28 wherein each said female contact com- 
prises two resilient contact fingers projecting from 
the flat base section with contact surfaces located 
at the free ends thereof, the contact fingers extend- 
ing symmetrically relative to a center line in the 

65 longitudinal direction of the contact element and, at 
the end connected to the flat base section, being 
bent out of the plane of the base section over a 
portion of their length in opposite directions, the 

11 
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two contact lingers being bent towards each other 
again at the end of this portion so that the contact 
surfaces are located opposite each other. 

30. A modular connector system according to 
claim 27 further comprising at least one cable 5 
connector module for ribbon cable which is mated 

to at least one of said connector modules having 
contact pins. 

31. A modular connector system according to 
claim 30 wherein said cable connector module 10 
comprises a housing of electrically insulating ma- 
terial with a plurality of contact elements arranged 

in rows and columns, each contact element having 
a connecting portion formed as a plug-on contact 
for connecting a conductor of the ribbon cable, said n 
cable connector having a plurality of open channels 
extending In the column direction of the contact 
elements, from one side of the housing to the 
other, said channels receiving the conductors of 
the ribbon cable from one side, only one plug-on 20 
contact being located in each channel, the contact 
elements disposed adjacent to the other side of the 
housing being arranged in a manner such that, if 
two cable connector modules are positioned with 
the other sides situated opposite each other, the 25 
respective contact elements in the same column 
are separated from each other by a distance of at 
least one position. 

32. A modular connector system according to 
claim 26 further comprising at least one power 30 
connector module and at least one coaxial connec- 
tor module. 

33. A modular connector system according to 
cfaim 32 wherein said power connector module 
comprises at least one contact socket or pin, sur- 35 
rounded by a housing, with an elongated connect- 
ing portion of electrically conducting material for 
connecting the power connector to a printed circuit 
board, said connecting portion being provided with 

a slot-shaped opening hi which the printed circuit 40 
board can be received for connecting the power 
connector to one or both flat sides of said board by 
the surface mounting means. 

34. A modular connector system according to 
claim 32 wherein said coaxial connector module 45 
comprises at least one outermost and one inner- 
most contact socket or pin, mutually electrically 
insulated and surrounded by a housing, and having 
connecting portions of electrically conducting ma- 
terial for connecting the coaxial connector to a so 
printed circuit board, the outermost contact socket 
having a connecting portion for connecting it to one 
side of the printed circuit board and the innermost 
contact socket or pin having a connecting portion 

for connecting it to the other side of the printed ss 
circuit board by the surface mounting means. 

35. A modular connector system according to 
claim 34 wherein the connecting portion of the 
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outermost contact socket is a virtually half-cylin- 
drical portion of said contact socket extending out- 
side the housing and the connecting portion of the 
innermost contact socket or pin is a connecting 
tongue. 

36. A modular connector system according to 
claim 26 further comprising at least one protective 
plate extending parallel to said printed circuit 
board, said plate having teeth disposed along at 
least one of its edges, said teeth adapted for inser- 
tion in a row of openings formed in said one side of 
the housing of the connector modules. 

37. A modular connector system according to 
claim 36 wherein said teeth are formed on an 
elongated rail of electrically insulating material, said 
rail being disposed near said edge of the protective 
plate, the teeth being disposed at a distance from 
the surface of the protective plate and said protec- 
tive plate extends on both sides of the elongated 
real. 

38. A modular connector system according to 
claim 37 wherein said protective plate further com- 
prises openings formed in the plane of the plate, 
said openings adapted to secure the protective 
plate to the printed circuit board. 

39. A modular connector system according to 
claim 38 comprising two protective plates, one 
mounted on each flat side of the printed circuit 
board, said plates providing both mechanical and 
electrical protection to electronic components 
mounted on the printed circuit board. 
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